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ABSTRACT

Nonlinear loads are loads that defy ohms law. As a result of changes in impedance, the voltage and
current waveforms from the loads are distorted and may be unpredictable in behavior. Heavy
presence of a nonlinear load or the presence of many nonlinear loads in a distribution network may
significantly introduce harmonics into such network. Harmonics are waveforms whose frequency is
an integer of the fundamental frequency. When present in large quantity, harmonics may cause
adverse effects not only to other loads on the network but also to the power distribution network.
This paper investigates the harmonic effects produced by nonlinear loads on power distribution
network. Nonlinear and linear loads were modelled and developed. Using MATLAB/SIMULINK
simulation technique, the system was observed to be unstable with un-periodic oscillations and the

total harmonic distortion (THD) was found to be 112.04% at maximum.
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1. INTRODUCTION

The study of harmonics, its negative effects and
possible solutions has been on the increase since late
1980s when power electronic loads started becoming
popular for their efficiency, reliability and
controllability. It has been observed that the
introduction of nonlinear loads causes deterioration in
power quality [1] [2]. One of the major factors that
are responsible for the deterioration is the distortions
in voltage and current waveforms due to harmonics.
This study is a verification and validation of the
negative effects of nonlinear loads on power
distribution network.

In [3], a review on the essence of making a detailed
analysis and appraising harmonics and its effects on
power distribution network was made. Many
approaches towards mitigating harmonics such as
application of phase shifting transformers, harmonic
filters, etc. were prescribed as viable solutions.
Electrical Transient Analysis Program (ETAP) computer
package was used to evaluate their performances.
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A MATLAB/SIMULINK software tool was used in [4] to
understudy harmonics in power distribution network.
The electrical behavior of the network was studied
before and after introduction of active filters. The
optimal filter among the filters considered was
obtained through MATLAB/SIMULINK simulation tools.
A MATLAB/SIMULINK wind farm model was developed
to generate and analyze several frequencies and
magnitudes of voltage harmonics in [5]. It was
concluded that the use of Butterworth, Chebyshev and
Cauer filters in their various forms are possible and
efficient solutions to the mitigation of high order
harmonics.

How important the software and hardware tools are to
the study of harmonics and its mitigation were well
discussed in [1]. Power system harmonics and its
impacts were also discussed in [2]. A study on the
application of passive filters to mitigate power quality
problems as a result of harmonics from induction
furnaces was carried out in [6]. The induction furnaces
was modelled in ETAP software and the details of the
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power quality problems were investigated. In [7] an
extensive review of power system harmonics in the
petrochemical industries was done.

Mitigation of harmonics in industrial power system was
investigated in [8]. MATLAB/SIMULINK simulation with
and without the use of passive filters were carried out
and it was established that the introduction of the
filters improved the power factor and reduced the
current harmonics from 20.77% to 4.32%.

Studies in [9] presented a topology for reactive power
compensation and harmonic mitigation of distribution
system using Shunt Active Power Filter (SAPF)
compensator. Using Fast Fourier Transform (FFT)
analysis on the source and load current, it was
established that the power factor of source is near
unity and harmonic content on source side are well
below the harmonic limit imposed by IEEE std. 519-
1992,

The application of the instantaneous active and
reactive power (p-q) theorem and elongation (p-q)
theorem to mitigate harmonics and its impacts on
electric power using the active power filter (APF)
topologies was central to the work in [10]. APF-solar
photovoltaic system with the shunt APF were
recommended as viable options in mitigating
harmonics.

A selective harmonics elimination (SHE) method to
mitigate low order harmonics in multi-level inverters
with different loads was developed in [11]. The
inverters were realized by cascading H-Bridge in
MATLAB/SIMULINK. In order to optimize the switching
angles for improved quality in the output voltage, the
Bee algorithm was utilized. The Total Harmonics
Distortion was reduced to about 10%.

The design and analysis of a 24-pulse ac-dc power
autotransformer based converter that employed a
pulse doubling technique for asynchronous motor
drive was carried out in [12]. Low harmonic distortion
and approximate unity power factor were obtained.

A multi objective optimization models with relevant
constraints for Passive Power Filters (PPF) and Hybrid
Active Power Filters (HAPF) set at high voltage levels
were formulated for harmonic filtering and reactive
power compensation in [13]. A bacterial foraging
algorithm (BFA) was formulated to solve the problems.
Harmonic Mitigation in power distribution network
Using Active Power Filter (APF) was carried out in [14].
Active and Reactive power (PQ) theory for controlling
APF currents was utilized for harmonic mitigation at
point of common coupling (PCC) to maintain power
quality. MATLAB/SIMULINK models were developed.
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The total harmonic distortion (THD) was found to be
within nominal values when APF was connected to the
system with nonlinear loads and the results validated
an effective application of shunt APF for different load
conditions.

The effects of triplen harmonics in the Electricity
Company of Ghana (ECG) distribution system was
researched into in [15]. The performance of three
harmonic suppressors in the control of harmonic
emission levels in three ECG’s distribution transformer
substations were studied. The results of the research
proved that the neutral blocking harmonic filters can
reduce harmonic current in neutral conductors by 88%
and consequently decrease harmonic energy loss by

97%.

DEVELOPMENT OF MATLAB/SIMULINK
MODELS OF LINEAR AND NONLINEAR LOADS

l

DEVELOPMENT OF 3-PHASE
SOURCE SIMULINK MODEL

{

COMBINATION OF THE DEVELOPED MODELS
TO CONSTITUTE A POWER SYSTEM
DISTRIBUTION NETWORK

A 4
PARAMETERS SELECTION AND
SIMULATION OF THE NETWORK
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Figure 1: A Step by Step approach towards
Investigating the harmonics effects of nonlinear loads
on power distribution network.

2. METHODOLOGY

The following steps are taken to understudy the
negative effects of nonlinear loads on power
distribution network using MATLAB/ SIMULINK
software:
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1.

A bridge configured nonlinear load model was
developed using three phase bridge connected
diodes.

Using three phase series RLC branch link the linear
loads were modelled and configured.

The nonlinear load model was converted to a
subsystem.
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The Voltage—Current measurement Block Model
was called out from the Simulink Block Library.
All the individual models that constitutes the
Distribution Network were connected
appropriately.

Simulation and observations of the wave
distortions from the scope were done.

These steps are as illustrated in Figure 1.

[PalPFv2_slpha b [Paon Liear Load

Figure 2: The Simulink model of a 3-phase bridge Configured Nonlinear load.
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Figure 3: The distribution network Simulink model with linear and nonlinear loads.
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3. RESULTS

Figure 4 reveals the three phase voltages Va,Vb,Vc
with the maximum voltage of 300V (rms value), the
three phase current I, Ib and I, and the three phase

labc X10 (A) Vabc (V)

ltabe X10 (A)

load currents both scaled to 1:10. A significant level
of distortions are observed from Figure 4, indicating
the existence of harmonics on the power distribution
network.

Figure 4: Waveforms obtained from the Scope.
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Figure 5: Fast Fourier Transform (FFT) Analysis of the Distribution Network with Nonlinear Loads
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4. CONCLUSION

The system is observed to be unstable with un-
periodic oscillations; the percentage level of distortion
due to the harmonics i.e. THD is 112.04% at
maximum. This is @ major deviation from the IEEE
standard 519-1992 specification of 5% maximum for
distribution network below 69KV. The deviation is due
to non-ohmic characteristic of the component
elements that constitutes nonlinear load and due to
higher frequencies at which such loads operate
compare to the source frequency.
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